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ABSTRACT

Fifty-two

isolates

of

Diaporthe

phaseolorum

var.

caulivora originating from eight different states of the
United States were collected and grown on potato dextrose
broth for 2-3 wk.
cycles

of

Double-stranded RNA was extracted by two

cellulose

(CF-11)

chromatography

electrophoresed on 6% polyacrylamide gel.

and

Among all isolates

tested, 28 (54%) contained at least one molecule of dsRNA.
Molecular sizes of dsRNA ranged from 0.4 to 4.5 Kb, and seven
different sizes of dsRNA were detected. The 4.5 Kb dsRNA did
not have sequence homology with smaller dsRNAs (2.1, 1.8, and
1.4 Kb), suggesting that the smaller dsRNAs are not deletion
products of the 4.5 Kb dsRNA.
cytoplasm of the fungi.
apparently

not

The dsRNAs were located in the

The dsRNA of D. p. caulivora was

associated

with

pathogenicity,

toxin

production, growth rate, or phenol oxidase activity.
Isometric virus particles about 30-40 nm in diameter
were detected from a virulent isolate.

The viral genome was

composed of one double-stranded RNA molecule with a molecular
size of 4.5 Kb.

The molecular size of viral dsRNA was the

same as that extracted from mycelia.
Kd,

90

Kd,

particles.

and

88

Kd)

Polyclonal

were

Three polypeptides (93

associated with

antibodies

generated

particles reacted to all three viral polypeptides.

the

virus

to

virus

These data suggest that this virus, designated as DpcV, is a
possible member of the Totoviridae.
To

compare

pathogen,

southern

fourteen

and northern

selected

isolates

isolates

of

this

representing

six

southern states (AR, FL, GA, LA, MS, and TN) and two northern
states

(10 and OH) were compared for colony morphology,

mycelial growth at 22 and 30 C, type of perithecia formation,
phenol oxidase activity, pathogenicity, and phenol-soluble
polypeptides by two-dimensional electrophoresis.

Southern

isolates showed more variable colony morphology, mycelial
growth at both temperatures, phenol oxidase activity, type of
perithecia formation, and level of pathogenicity to soybean
cultivar Bedford than northern isolates.

Greater genetic

diversity was observed among southern isolates than among
northern

isolates

polypeptide

in

analysis

polypeptide
by

analysis.

two-dimensional

However,

electrophoresis

indicated a strong genetic relationship between the two
populations, suggesting that the fungi causing southern and
northern stem canker are the same fungus.

x

INTRODUCTION

Stem canker of soybean (Glycine max (L.) Merr), caused
by Diaporthe phaseolorum (Cke. & Ell.) Sacc. var. caulivora
(Athow

& Caldwell)

(Dpc), was

prevalent

throughout

the

midwestern United States and Canada in the late 1940's and
the early 1950's (2,15), but diminished in importance when
susceptible cultivars were replaced by resistant cultivars
(3,28).

However, stem canker has become a major concern in

the southern United States.

The earliest reports in the

southern United States were in 1975 in Mississippi, followed
by reports from Alabama in 1977, Louisiana in 1981 (41) ,
Florida and Arkansas in 1983 (38) , and Texas in 1984 (3) .
Estimated

losses

of

$37 million resulted

from the

epidemic in the southeastern United States (3).

1983

Severity of

stem canker varied greatly at different locations.

This

variation may be due to environmenta1 conditions, variation
in virulence of the pathogen, and genetic diversity in the
population of the pathogen.
In

general,

the

morphology

of

the

pathogen

and

symptomatology of northern and southern stem canker were
believed

to

be

similar.

However,

there

is

increasing

evidence (3,16,22,23,28,31,32) that the fungi causing the two
diseases may be distinct.
characters

and

Differences in morphological

symptom development

between

northern

and

southern isolates of Dpc have been observed (3,16,23,28,32).
In

addition

differences,

to

morphological

and

symptomatological

differences in pathogenicity have also been

reported (22,28).

Differences in symptom development and

cultural characters were suggested to be enough to warrant
designation of the disease as 'southern stem canker' and the
isolate

as

'southern

Dpc'

(16).

Furthermore, it was

proposed to separate southern isolates from northern isolates
in a different forma specialis named
f.sp. meridionalis'*

(31) .

"Diaporthe phaseolorum

However, recent studies

(21)

suggested that some biotypes from northern isolates were
similar to southern isolates in cultural and physiological
characteristics.

A

high

level

of

variability

both

in

pathogenicity and cultural characteristics among southern
isolates was observed, and double-stranded RNA involvement in
variation of pathogenicity was suggested (31).

In spite of

the economic importance of this disease,

little is known

about the genetic nature of the pathogen.

Therefore, most

previous

studies

suggested that a study of the genetic

backgrounds of these two populations is needed to confirm
that the observed phenotypic differences indicate a true lack
of relationship between the two fungal populations.
In recent years, electrophoretic patterns of soluble
proteins and specific enzymes have been used as an additional
criterion in the classification of the fungi (29) .
resolution

two-dimensional

isoelectric

High-

focusing-

polyacrylamide gel electrophoresis has been used successfully
to differentiate the forma specialis of Puccinia graminis and
several other fungal species

(19,24,25,26).

Since the

resolution

is

accomplished

under

highly

denaturing

conditions,

each protein is characterized at the single

polypeptide level.

Double-stranded RNAs

(dsRNA) are widespread in plant

pathogenic fungi (1,4,6,8,9,20,36).

Tentative conclusions

have been drawn that the presence of dsRNA was associated
with hypovirulence (1,11,13), mycelial disease (12,14), and
other effects on host fungi
strength

of

correlative

concept

of

hypovirulence

(1,9,11,13).

(36,42),

evidence
in

but none have the

used

to

establish

Cryphonectria

the

parasitica

The lack of agreement on whether dsRNA is

involved in hypovirulence or virulence in Rhizoctonia solani
exemplifies

the problems

encountered

in

presence of dsRNA with biological effects.

associating

the

Although initial

studies (8) reported that strains of the pathogen containing
dsRNA are debilitated and hypovirulent, later studies (12)
indicated that a correlation between the presence of dsRNA
and virulence cannot be established.

Hypovirulent strains

were void of viruses and all virulent strains contained dsRNA
viruses.

Further, a correlation was established between

loss of virulence and either the total loss of dsRNA segments
or the loss of specific segments (12).

It is important to

recognize that only specific dsRNA out of a complex set may
be involved in any effect on host phenotype.

Furthermore,

cloning and expression of dsRNA-encoded gene(s) in isogenic

strains

under

controlled

environmental

conditions

are

required to determine the precise role(s) of dsRNA in fungi.
The presence or absence of different sizes and numbers
of dsRNA molecules has also been used to characterize the
field

isolates

of

several

Recently, Tooley et al.

fungal

pathogens

(34,42).

(42) reported that 36% of Mexican

isolates in Phytophthora infestans contained dsRNA, but no
dsRNA was detected in 20 isolates from the United States and
Europe.

The same authors suggested that the occurrence of

dsRNA in Mexican isolates provides an additional means to
distinguish
regions.

the Mexican
Extensive

population

from

intraspecific

electrophoretic banding patterns

those

variation

in

other

exists

in

in dsRNAs from Puccinia

spp., which correlate with the host range of the species.
However, Shapira et al.

(40) claimed that small sizes of

dsRNA in Cryphonectria parasitica are deletion products of
large

dsRNA.

defective

dsRNAs

banding patterns

The

same

contribute

authors
to

suggested

the

that

complexity

in natural populations

of

these
dsRNA

of the chestnut

blight pathogen.

Viruses and virus-like particles have been observed in
most classes of filamentous fungi

(6,18)

fungal plant pathogens (4,7,10,30,33,39).

and several in
Typically, they

are isometric particles about 30-50 nm in diameter with a
segmented dsRNA genome and each dsRNA species is separately

encapsidated.
infections,
replicate

In general, most fungal viruses cause latent
inthe

well,

sense

there

that, although

are

no

phenotypes of the host fungi.

obvious

the

virus

effects

may

on the

However, there are a few

fungal species in which viral dsRNA has been proved to be
responsible

for

a change in fungal phenotypes.Killer

strains of Saccharomyces cereviceae contain two species of
dsRNA, L, which encodes the virus capsid polypeptide and M,
which encodes the killer protein (5) .

The presence of virus

particles in a few plant pathogenic fungi has been associated
with killer toxin in Ustilago maydis
disease

in

association

Helminthosporium
ofvirus

(27),

victoriae

particles

with

a

and mycelial

(14,39).

The

disease

in the

cultivated mushroom, Agaricus bisporus, appeared to be well
established (17), but the discovery of similar particles in
apparently healthy mushroom has raised questions concerning
the precise role of the virus particles in the disease (37).
The inability to transmit the viruses by simple infection has
been the major obstacle to a direct analysis of the role of
viruses in the fungi.

However, recent advances in molecular

analysis of genetic elements, including sequence analysis and
expression of cloned cDNA, etc, offer new opportunities for
elucidating the viral function in host fungi.
Much research has been done independently on dsRNA and
fungal viruses mostly by plant pathologists and virologists,
respectively.

However,

the

relationship

between

unencapsidated dsRNA molecules and the genome of fungal
viruses is not clear.

The virus particles were not detected

with various detection techniques in many fungi, although
they contained unencapsidated dsRNA molecules (10,35,42).
Therefore,

the study of the relationship between the two

entities is necessary to know whether they have the same
origin or not.

This approach will be improved by employing

molecular analysis of both entities and will require a model
fungal system which contains both in the same fungus.

The objectives of this research were:
1) to determine whether variation in dsRNA could be detected
in isolates of the soybean stem canker pathogen,
2) to determine whether any relation could be established
between the presence of dsRNA and physiological characters
of Dpc,
3) to determine whether virus particles could be detected,
and to determine the possible relationship between
unencapsidated and encapsidated dsRNAs, and
4) to determine the variation among Dpc isolates by comparing
phenotypic traits and phenol-soluble polypeptides detected
in two-dimensional polyacrylamide gel electrophoresis.

To accomplish these objectives:
Chapter 1 describes the dsRNA profile from 52 isolates
of Dpc originating from 8 different states of the United

States and the association of dsRNAs with phenotypic traits
of the pathogen.
Chapter 2 describes the physicochemical properties of
dsRNA fungal virus detected in one Dpc isolate and discusses
the possible relation with unencapsidated dsRNA molecules.
Chapter 3 describes the variation of morphological and
physiological
revealed

by

characters and phenol
two

dimensional

electrophoresis among Dpc isolates.

soluble polypeptides
polyacrylamide

gel
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CHAPTER 1

DOUBLE-STRANDED RNA FROM
DIAPORTHE PHASEOLORUM VAR. CAULIVORA
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ABSTRACT

Fifty-two

isolates

of

Diaporthe

phaseolorum

var.

caulivora originating from eight different states of the
United States were grown on potato dextrose broth for 2-3 wk.
Double-stranded RNA was extracted by two cycles of cellulose
(CF-11)

chromatography

polyacrylamide gel.

and

electrophoresed

Among all isolates tested,

contained at least one molecule of dsRNA.

on
28

6%
(54%)

Molecular sizes

of dsRNA ranged from 0.4 to 4.5 Kb, and seven different sizes
of dsRNAs were detected.

The largest and most prevalent

dsRNA (4.5 Kb) did not have sequence homology to smaller
dsRNAs (2.1, 1.8, and 1.4 Kb).

Cytoplasmic fractions from

two isolates showed the same dsRNA band patterns as those
from the total cell extracts.

The dsRNAs were stable when

the fungus was grown under heat treatment, on cycloheximidecontaining medium, and through serial transfers.
of D.

p.

caulivora

pathogenicity,

was

apparently

toxin production,

oxidase activity.

not

growth

The dsRNA

associated
rate,

with

or phenol

Isometric virus particles of about 30-40

nm in diameter were detected from a virulent isolate.
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INTRODUCTION
Double-stranded RNAs

(dsRNA)

are widespread in most

classes of fungi (1,4,14,33,35), and some are associated with
virus-like particles (5,21,24).

DsRNAs of Cryphonectria

parasitica have been correlated with hypovirulence (9,11),
but this is still speculative since Koch's postulates have
not been satisfied.

The lack of agreement on whether dsRNA

is involved in hypovirulence or virulence in Rhizoctonia
solani exemplifies the problems encountered in associating
the presence of dsRNA with biological effects in the fungi
(7,10,35).

The presence or absence of different sizes and

numbers of dsRNA molecules has been used to characterize
field

isolates

Extensive

of

several

intraspecif ic

fungal

pathogens

variation

exists

(25,33).
in

the

electrophoretic band patterns in dsRNAs from Puccinia spp.
which correlated with the host range of the species (25) .
Such variation

offers

a potential

means

of

identifying

intraspecific strains of fungi if dsRNA is specific for a
particular fungus.

DsRNA can also be useful in providing

additional data on cytoplasmic genetic elements and could be
used as a genetic marker in genetic studies of fungi.
Stem canker of soybean (Glycine max (L.) Merr.), caused
by Diaporthe phaseolorum (Cke. & Ell) Sacc. var. caulivora
(Athow & Caldwell)

(Dpc), was an important disease in the

midwestern United States and Canada in the late 1940's and
the early 1950's (2,12) and is a current concern of soybean

producers in the southeastern United States (3) .
evidence

based

on

morphological

and

Recent

symptomatological

differences suggests that the stem canker in the midwest and
southeast are actually incited by different,
related fungi (20,22).

but closely

Despite the economic importance of

soybean stem canker, knowledge of the basic genetic structure
of the causal agent is severely limited.
The purpose

of the present

study was to determine

whether variation in dsRNA could be detected in isolates of
the soybean stem canker pathogen and to determine whether any
relation could be established between the presence of dsRNA
and physiological characteristics of Diaporthe phaseolorum
var. caulivora.

Preliminary results of this research have

been reported (18).
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MATERIALS AND METHODS

Isolates of Dpc and cultural methods .

The isolates of Dpc

used in this study are listed in Table 1.1.

The fungus was

grown in 200 ml Erlenmeyer flasks containing 50 ml of potato
dextrose broth (PDB) at room temperature. Mycelial mats were
harvested after 2-3 wk of growth by vacuum filtration on
Whatman No. 1 filter paper and were freeze dried

Extraction

and

purification

of

overnight.

The dsRNA was

dsRNA.

extracted from mycelial mats using the modified method of
Valverde et al.

(34), which was originally described by

Morris and Dodds (23).

Lyophilized mycelium (0.3 g) was

ground in a mortar and pestle.

The following mixtures were

added to each sample; 8 ml of STE (0.1 M NaCl, 0.05 M Tris,
0.001 M EDTA,

pH 6.8),

1 ml of 10% SDS,

0.5 ml of 2%

bentonite, and 9 ml of STE-saturated phenol.

The mixture

was shaken for 30 min and then centrifuged at 8,000 g for 20
min.

The aqueous phase was recovered and adjusted to 16.5%

ethanol, and subjected to two cycles of cellulose (Whatman
CF-11, Whatman, Clifton, NJ) column chromatography.

The

dsRNA was eluted with 6 ml of STE buffer and precipitated in
three volumes of cold 95% ethanol and 0.5 ml of 3.0 M sodium
acetate (pH 5.5) overnight at -20 C.
collected

by centrifugation

at

The precipitates were

8,000 g

for

20 min and

resuspended in 200 /i1 of EG buffer (0.04 M Tris,

0.02 M

sodium

acetate,

0.001 M

bromophenol blue) .

EDTA,

20%

glycerol,

and

0.01%

Aliquots of 30 /Ltl were loaded on 6%

polyacrylamide gels (40 : 1, acrylamide : bisacrylamide) in
a vertical slab gel apparatus.

Electrophoresis was at

constant voltage of 100 V for 3 hr.

DsRNAs extracted from

plants infected with tobacco mosaic virus-U5, potato virus X,
and

cucumber

markers.

mosaic

virus

were

used

as molecular

size

Gels were stained in ethidium bromide (20 ng/ml).

DsRNA identity was confirmed by treatments with DNase and
RNase.

Extraction and purification of virus-like particles.

Virus

like particles were extracted from lyophilized mycelium using
the method of Sanderlin and Ghabrial (29).

The mycelium was

ground in a mortar and pestle with 0.1 M sodium phosphate
buffer,

pH

7.0,

containing

0.01

M

sodium

diethyldithiocarbamate and 0.02 M sodium thioglycolate.

An

equal volume of chloroform was then added and the mycelium
was ground again.

The emulsion was centrifuged at 8,000 g

for 30 min and the aqueous layer was given two or three
cycles of differential centrifugation (100,000 g for 150 min
and 8,000 g for 30 min). High-speed pellets were resuspended
in 0.025 M phosphate buffer and layered on 10-40% linear
gradients of sucrose prepared in 0.025 M phosphate buffer (pH
7.0).

Gradients were centrifuged at 27,000 rpm for 180 min

in a Beckman SW27 rotor and fractionated using an ISCO
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density gradient fractionator and UV analyzer at 254 nm.
Ultraviolet-absorbing zones were collected and concentrated
by high speed centrifugation (100,000 g, 150 min).

Electron microscopy.

Collodion/carbon-coated grids were

covered with drops of virion preparations, drained, and then
negatively stained with 2% phosphotungstic acid, pH 7.0.

The

specimens were examined with a JEOL electron microscope.

5' end labelling of 4.5 Kb dsRNA.

Purified, denatured dsRNA

(4.5 Kb) was treated with bacterial alkaline phosphatase at
65 C for 60 min and cooled to room temperature.

The

reaction mixture was extracted with phenol-chloroform twice
and chloroform once.
was

collected

by

The dephosphorylated, denatured dsRNA
centrifugation

precipitation at -70 C.

after

4

hr

ethanol

The dephosphorylated dsRNA was end

labelled with [r-32P]-ATP and T4 polynucleotide kinase at 37
C for 30 min.

Incorporated CPM was counted in a Beckman

Scintillation counter and the labelled mixture was further
purified by ethanol precipitation twice.

Northern hybridization.
polyacrylamide

gel

DsRNA was fractionated on a 6%

as

above

and

nitrocellulose membrane

(pore

size,

alkaline blot method (19,26).

transferred
0.45

jum)

onto

using

a
the

The gel was incubated in 0.25

N HC1 at room temperature with agitation for 10 min.

After
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acid washing, the gel was washed briefly with 0.2 N NaOH and
placed on a blotting pad saturated with 0.2 N NaOH.

The

dsRNA was transferred to nitrocellulose membrane by capillary
blotting for 30 min.

After blotting, the membrane was

washed two times in 2X SSC (IX SSC = 0.15 M sodium chloride,
0.15 mM sodium citrate, pH 7.0), 15 min each, dried, and
cross-linked

by

exposure

to

UV-light.

Before

prehybridization, the blot was washed twice, for 1 hr with
agitation

at

65

Prehybridization

C
was

in

0.1X

done

SSC

at

and

42

C

0.5%

for

SDS.

3

hr

prehybridization/hybridization solution (50% formamide,

in
5X

SSC, 50 mM sodium phosphate, pH 6.7, 500 /Ltg/ml denatured DNA,
0.1%

SDS,

5X Denhardt's

solution)

(1 ml

per

1 cm2).

Hybridization was done by adding 32P-labelled probe at 55 C
overnight.

The blot was washed 4 times for 10 min each at

room temperature in 2X SSC, 0.1% SDS followed by 2 washes for
20 min in 0.1X SSC and 0.1% SDS at 60 C.
and

autoradiographed

onto

Kodak

The blot was dried

X-ray

film

with

an

intensifying screen.

Cell fractionation.

Cell fractionation was done using the

method of Kim and Klassen (16).

Lyophilized mycelium was

ground in a mortar and pestle with extraction buffer (50 mM
Tris/HCl,

pH 7.4,

10 mM EDTA,

0.44 M sucrose).

The

homogenate was centrifuged at 1,500 g for 5 min and the
pellet was saved (cell debris).

The supernatant was re
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centrifuged at 3,500 g for 10 min and the pellet was saved
(nuclear fraction).

The second supernatant was centrifuged

again at 20,000 g for 10 min.

The supernatant was the

cytoplasmic fraction and the pellet was the mitochondrial
fraction.

Each

cell

fraction

was

subjected

to

dsRNA

extraction.

Attempts to eliminate dsRNA.

To eliminate dsRNA from fungal

mycelium, high temperature treatment (30 C) for 1 wk followed
by hyphal tip culture, growth on cycloheximide-amended (20
/xg/ml)

PDA,

conducted.

and serial transfer for

5 generations were

Each subculture obtained from these treatments

was analyzed for dsRNA contents.

Virulence test.

A modified toothpick inoculation was used

(15) . Forty-day-old 'Bedford' soybean plants were inoculated
by

inserting Dpc-colonized

toothpicks

into

the

stems.

Sterile, uninfested toothpicks were inserted into control
plants.

Four plants were inoculated with each isolate.

Thirty days after inoculation,
from each plant.

lesion length was measured

This experiment was conducted twice.

Mycelial growth rate.

Dpc isolates were grown on potato

dextrose agar (PDA) plates for 3 days.

Mycelial plugs (5 mm

in diameter) were placed in PDA plates and incubated at room
temperature.

Colony diameters were measured 2 days after
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inoculation.
isolate.

Four replicate plates of PDA were used per

This experiment was repeated twice.

Phenol oxidase test.

Mycelial plugs (7 mm in diameter) were

cut from the margin of 3-day-old cultures on the PDA plates
were transferred to the plates of Bavendamm's medium (0.5%
tannic acid, 1.5% Difco malt extract, 2% Difco bactoagar, pH
4.5) .

Plates were incubated at room temperature in the dark

for 5 days.

Color reaction was scored as follows; 0: no

color reaction, 1: weak reaction, 2: intermediate, 3: strong
color reaction.

This experiment was repeated twice.

Toxin production.

Trifoliates of 'Bedford' soybean plant

were used for toxin assay, as described by Lalitha et al.
(17) .

Mycelial plugs from 3-day-old PDA culture were

transferred

into 50 ml

of PDB and incubated for 2 wk.

Culture filtrates were obtained by filtering through Whatmann
No. 1 filter paper.

Petioles of trifoliates were immersed

in fungal culture filtrate.

Vein and petiole necrosis was

scored 3 days after treatment as follows; 0, no symptom; 5,
midrib and vein discolored, and interveinal chlorosis.
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RESULTS

Among the 52 isolates of Dpc tested, 28 contained at
least one molecule of dsRNA.

Molecular sizes of dsRNAs in

Dpc ranged from 0.4 to 4.5 Kb.
Dpc are shown in Fig.

All sizes of dsRNA found in

1.1.

The dsRNA molecules were

classified according to their molecular sizes as LI (4.5 Kb) ,
L2 (3.1 Kb), Ml (2.1 Kb), M2 (1.8 Kb), M3 (1.4 Kb), SI (0.7
Kb) and S2

(0.4 Kb) .

The LI dsRNA was found the most

frequently, followed by M3, M2, and Ml, respectively.

M3

dsRNA was always detected when Ml or M2 dsRNAs were present.
However, the smaller S bands, and L2 were observed only
infrequently during experiments.

All sizes of dsRNAs were

found in southern isolates, whereas only LI was observed in
northern isolates.

Mississippi isolates showed the highest

frequency of dsRNAs, 8 out of 10 isolates.

S bands were

observed only in Georgia isolates.
Two

isolates

(STJ-2

and

MS84-1)

were

serially

transferred on PDA up to five generations to determine the
stability of dsRNA in the fungus cells.

All subcultures of

each generation from both isolates exhibited the same band
patterns

as

their

parental

isolates.

All

hyphal-tip

cultures from isolate STJ-2 grown on PDA at high temperature
contained the same dsRNA molecules in comparison to their
parental

type.

cycloheximide

Isolate

FL40 grown on PDA

and hyphal-tip

containing

subculture on cycloheximide

medium contained the same dsRNA molecules as their parental
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isolate when subcultured in PDB.
Cytoplasmic fractions from isolates STJ-2 and MS84-1
showed the same band patterns of dsRNAs as those from the
respective total cell extractions within each isolate (Fig.
1.2).

DsRNA was not found in nuclear or mitochondrial

fractions.
LI dsRNA end-labelled with

[r-32P] ATP hybridized to

unlabelled LI, but not to Ml, M2, and M3 dsRNAs in the
northern blot analysis (Fig. 1.3).
Virulence, toxin production, phenol oxidase activity,
and growth rate of dsRNA-free isolates were compared to the
those

of

dsRNA-containing

isolates.

There

was

no

significant correlation between the two subgroups for any of
these phenotypic characteristics (Table 1.2).
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Table 1.1. Origin, sources, and dsRNA molecules of isolates
of Diaporthe phaseolorum var. caulivora

Isolate

dsRNA

Origin

Source

molecules*

AR644

LI

Arkansas

Author

AR666

_b

Arkansas

Author

FL8

-

Florida

F.M. Shokes

FL40

Ml, M3

Florida

F.M. Shokes

FL96

-

Florida

F.M. Shokes

FL101

-

Florida

F.M. Shokes

FL102

LI,M2,M3

Florida

F.M. Shokes

FL121

M2, M3

Florida

F.M. Shokes

FL144

-

Florida

F.M. Shokes

FL166

-

Florida

F.M. Shokes

FL172

LI

Florida

F.M. Shokes

FL173

LI

Florida

F.M. Shokes

FL484

-

Florida

F.M. Shokes

GA364

-

Georgia

D.V. Phillips

GA368

-

Georgia

D.V. Phillips

GA369

L1,L2,S2

Georgia

D.V. Phillips

GA373

-

Georgia

D.V. Phillips

GA379

-

Georgia

D.V. Phillips

GA385

-

Georgia

D.V. Phillips

GA390

LI,Ml,M3

Georgia

D.V. Phillips

GA396

LI,Ml,M3,S2

Georgia

D.V. Phillips

GA425

LI,M2,M3

Georgia

D.V. Phillips

Georgia

D.V. Phillips

GA503
GA536

LI,SI,S2

Georgia

D.V. Phillips

GA563

LI,SI,S2

Georgia

D.V. Phillips

LAWTELL

Louisiana

J.P. Snow

B86

Louisiana

J.P. Snow

BURDEN

Louisiana

J.P. Snow

CP86

Louisiana

J.P. Snow

0PE3

LI

Louisiana

J.P. Snow

0PE4

LI

Louisiana

J.P. Snow

SAS

LI

Louisiana

J.P. Snow

Louisiana

J.P. Snow

SLA-1
STJ-1

LI,M2,M3

Louisiana

J.P. Snow

STJ-2

LI,M2,M3

Louisiana

J.P. Snow

TT86

LI

Louisiana

J.P. Snow

Mississippi

B.L. Keeling

MS82-3
MS82-5

LI

Mississippi

B.L. Keeling

MS82-8

LI

Mississippi

B.L. Keeling

MS83-112

LI

Mississippi

B.L. Keeling

MS83-216

LI,M2,M3

Mississippi

B.L. Keeling

MS84-1

M2, M3

Mississippi

B.L. Keeling

MS84-3

M2, M3

Mississippi

B.L. Keeling

Mississippi

B.L. Keeling

MS84-23
MS86-60

LI,M2,M3

Mississippi

B.L. Keeling

MS86-73

LI

Mississippi

B.L. Keeling
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TN238

Tennessee

Author

10215

Iowa

D .C . McGee

10216

Iowa

D.C. McGee

Ohio

A .F .Schmitthenner

Ohio

A.F.Schmitthenner

Ohio

A .F .Schmitthenner

OH1472

LI

OH1483
OH1484

LI

*: The sizes of dsRNA molecules are as follows; LI, 4.5 Kb;
L2, 3.2 Kb; Ml, 2.1 Kb; M2, 1.8 Kb; M3, 1.4 Kb; SI, 0.7 Kb;
S2, 0.4 Kb.
b: No dsRNA was detected.
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Table 1.2. Contrasts between means of dsRNA-containing and
dsRNA-free isolates of Diaporthe phaseolorum var. caulivora

with vs. without dsRNA

F

p>Fc

Mycelial growth*

0.07

0.7966

Lesion lengthb

0.30

0.5845

Toxin production0

0.03

0.8594

Phenol oxidased

0.02

0.8834

*: Colony diameter was measured at 60 hr after transferring a
mycelial disc (5 mm in diameter) on PDA.
b:

Lesion

length

was

measured 4 wk

after

toothpick

inoculation.
Toxin production was measured
trifoliate method (17).

on a

0-5 scale by the

0 = No symptoms; 5 = midrib and

vein discolored, and interveinal chlorosis.
d:Phenol oxidase activity was measured

in Bavendamm's medium

based on color reaction as follows; 0 =no reaction; 1 = weak
reaction; 2 = intermediate; 3 = strong color reaction.
c: Probability of obtaining a larger absolute value of the F
value.
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Fig. 1.1. Polyacrylamide gel electrophoresis (6%) of dsRNAs
extracted

from

isolates

of

Diaporthe

phaseolorum

var.

caulivora. Lane 1, isolate FL173; Lane 2, FL40; Lane 3, STJ1; Lane 4, GA536; Lane 5, GA396; Lane 6, GA369; Lane 7, TMVU5; Lane 8, PVX and CMV.

Fig.1.2. Polyacrylamide gel electrophoresis (6%) of dsRNAs
extracted

from

cell

debris,

cytoplasmic,

nuclear,

and

mitochondrial fractions, and total cells of two isolates,
STJ-2

(A)

caulivora.

and MS84-1

(B) , of Diaporthe phaseolorum var.

Lane 1, total cell extract; Lane 2, cell debris;

Lane 3, cytoplasmic fraction; Lane 4, nuclear fraction; Lane
5, mitochondrial fraction.

Fig.

1.3.

Diaporthe

Northern

blot

phaseolorum

analysis

var.

of

caulivora.

major

dsRNAs

from

DsRNAs

were

fractionated on 6% polyacrylamide gel (A) and transferred
onto a nitrocellulose membrane.

The blot was hybridized

with t-32P 5' end-labelled LI dsRNA and autoradiographed (B) .
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DISCUSSION
A high frequency (28 out of 52 isolates) of occurrence
of

dsRNA

was

caulivora.

detected

in

Diaporthe

The occurrence

phaseolorum

of several

sizes

var.

of dsRNA

molecules in southern isolates, but only one size of dsRNA in
northern isolates, might reflect the phenotypic and genetic
diversity in southern isolates.

In previous studies (20),

northern isolates were uniform while southern isolates were
variable

in

cultural, morphological,

characteristics.

and

pathological

Southern isolates also showed greater

genetic diversity than northern isolates in phenol-soluble
polypeptides

compared

by

two-dimensional

isoelectric

focusing-SDS polyacrylamide gel electrophoresis (Chapter 3).
However, it is not clear whether the diverse dsRNA molecules
in southern isolates contribute to the phenotypic and genetic
variation or not.
that

36%

Recently, Tooley et al.

of Mexican

isolates

(33) reported

in Phytophthora

infestans

contained

dsRNA, but no dsRNA was detected in 20 isolates

from the

United States and Europe.

Thesame authors

suggested that the occurrence of dsRNA in Mexican isolates
provides

an

populations

additional

means

to

distinguish

Mexican

from those in other regions of the world.

However, the fact that both southern and northern isolates of
Dpc contained the same size dsRNA suggests that dsRNA in Dpc
has little value to distinguish these two populations.
During these experiments, L2, SI, and S2 molecules of
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dsRNAs were not consistently detected while other dsRNA
molecules (LI, Ml, M2, and M3) were consistently detected
with many times of repeats.

It is not clear if L2, SI, and

S2 dsRNAs are deletion products, satellites of other dsRNA
molecules or unstable dsRNAs.

The inconsistency of dsRNA

occurrence in fungi through successive generations is not
unusual.

Disappearance and reappearance of certain dsRNA

molecules have also been observed in Cryphonectria parasitica
(8 ).
LI dsRNA
indicating

did not hybridize with Ml, M2, or M3 dsRNA,

that

they

did

not

have

sequence

homology.

However, the relationship among M dsRNAs is not clear.
Since M3 dsRNA was always found with Ml or M2, M3 dsRNA
appears to be a satellite or deletion product of Ml and M2
dsRNAs.

This suggests that L and M dsRNAs are different

entities at least in Dpc.

Recently, Shapira et al. (30,31)

proved that small sizes of dsRNAs in Cryphonectria parasitica
are deletion products of large dsRNA.

The same author

suggested that these defective dsRNAs contribute to the
complexity of dsRNA band patterns in natural populations of
the chestnut blight pathogen.
dsRNAs

from

sequence

different

homology

in

However, similar sizes of

geographic
the

same

sources

did

anastomosis

not
groups

show
of

Rhizoctonia solani (6).
DsRNA of Dpc was located in the cytoplasm of the fungus
cell.

The weak bands of dsRNAs in cell debris fractions
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appear to be contamination during fractionation of fungal
cell components.

However, dsRNA in Ceratocystis ulmi and in

stem and leaf rust fungi from cereals were copurified with
mitochondria

(16,28),

whereas

those

in

Cryphonectria

parasitica were packed in fungal vesicles (13).
The dsRNAs of Dpc were stable during growth at high
temperature, serial transfer up to 6 generations followed by
hyphal-tip culture, and growth on cycloheximide-containing
medium.
DsRNA

This stability of dsRNA is not common in fungi.
in

Cryphonectria

parasitica

was

eliminated

in

a

cycloheximide-containing medium (11), but was stable through
serial transfers up to seven generations (1).
The

analysis

of

Dpc

isolates

did

not

show

any

correlation between phenotypic characteristics of mycelial
growth, virulence,

toxin

production,

activity and the presence of dsRNA.

or

phenol

oxidase

However, when only

certain local (Louisiana) isolates were analyzed, a negative
correlation (P=0.03) was observed between the presence of
dsRNA and mycelial growth.

Although strong correlations

with phenol oxidase and virulence in Cryphonectria parasitica
(27) and greater mycelial growth in Phytophthora infestans
(33) were observed, there are many reports that dsRNAs have
no apparent effect on host phenotype

(4,21,24).

This

suggests that comparing phenotypic traits between dsRNAcontaining and dsRNA-free

isolates has

mapping dsRNA functions in fungi.

little value

for

Tooley et al. (33) also
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suggested that isogenic lines of fungal strains with and
without dsRNA are desirable to characterize the phenotypic
effects of dsRNA.

Ultimately, direct delivery of purified

or cDNA of dsRNA into dsRNA-free fungal cells,
transformation, electroporation,

etc., may

i.e., by

allow these

comparisons.
Much research has been done independently on dsRNA and
fungal viruses mostly by plant pathologists and virologists,
respectively.

However, the relationship between naked dsRNA

molecules and the genome of fungal virus is not clear.

It

is unknown whether the naked dsRNA and the genome of fungal
viruses have the same origin or not.

Tartaglia et al. (32)

speculated that a homopolymer of poly (A) at the 3'-terminus
in L dsRNA in Cryphonectria parasitica is similar to the
replicative form of a ssRNA virus rather than the genome of
a fungal virus.

However, typical virus particles were not

detected in other systems even though many techniques were
applied

(13,33).

Isometric virus-like

detected from one isolate of Dpc.

particles

were

This isolate contained

the same size of LI dsRNA as the virus genome.

Although the

relationship between LI dsRNA and the genome of virus in Dpc
is unknown, Dpc may provide a good model system to study the
relationship between naked dsRNA and the genome of viruses in
filamentous fungi because both entities are present in the
same fungus.
in

vitro

Molecular characterization of dsRNA including

translation

of

naked

dsRNAs

and

serologically

specific electron microscopy for detection of virus particles
by using antiserum generated to the fungal viruses might help
to determine the relationship between naked dsRNA and viral
genome in filamentous fungi.
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CHAPTER 2

CHARACTERIZATION OF A DOUBLE-STRANDED RNA VIRUS FROM
DIAPORTHE PHASEOLORUM VAR. CAULIVORA
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ABSTRACT

Isometric virus particles, 30-40 nm in diameter, were
isolated from a virulent isolate of Diaporthe phaseolorum
var. caulivora (Dpc), the soybean stem canker pathogen.

The

viral genome was composed of one double-stranded RNA molecule
with a molecular size of 4.5 Kb.

The molecular size of

viral dsRNA was the same as that extracted from mycelium.
Three polypeptides (93, 90, and 88 Kd) were associated with
the virus particles.

Polyclonal antibodies to purified virus

particles reacted with all three viral polypeptides.

These

results suggest that this virus, designated as DpcV, is a
possible

member

of

the

Totoviridae.

Protein

samples

extracted from six Dpc isolates, which contained different
dsRNAs,

were

polypeptides.

tested

for

the

presence

of

viral

capsid

Only Dpc isolates which contain 4.5 Kb dsRNA

gave positive values in ELISA.

This indicates that 4.5 Kb

dsRNA in Dpc may be of viral origin.
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INTRODUCTION

Virus-like particles have been observed in most classes
of filamentous fungi
pathogens

(4,16)

and several in fungal plant

(6,8,10,23,24,26,27).

isometric particles

of

Typically,

about 20-50 nm

segmented dsRNA genome (4,16).

they

are

in diameter with

In general, most fungal

viruses cause latent infections, in the sense that, although
the virus may replicate well, there are no obvious effects on
the phenotypes

of the

fungi.

The presence

of virus

particles in plant pathogenic fungi has been associated with
killer toxin in Ustilago maydis (18,19) and mycelial disease
in Helminthosporium victoriae (11,14).

However, uncertainty

of whether a virus is involved in hypovirulence or virulence
in Rhizoctonia solani is indicative of the cryptic nature of
fungal viruses (7,10).
Diaporthe phaseolorum var. caulivora (Dpc), the causal
organism

of

soybean

stem

canker,

is

one

of

the

most

destructive pathogens on soybeans in the southeast United
States (1).

Great genetic and phenotypic variations among

isolates of Dpc have been observed (21).

The involvement of

dsRNA in genetic and phenotypic diversity of this pathogen
was evaluated from a large collection of isolates originating
from diverse areas of the United States (22).
During dsRNA analysis from a large collection of Dpc
isolates (Chapter 1), isometric virus particles were observed
in partially purified mycelial extracts from one virulent
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isolate.

This

chapter

properties of this virus.

describes

some

physicochemical
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MATERIALS AMD METHODS

Fungal

Eight

isolates.

Dpc

isolates

which

contained

different dsRNA molecules were examined for virus particles
(Table 2.1).

Each isolate was grown at 22 C for 2 wk in 200

ml Erlenmeyer flask containing 50 ml of potato dextrose
broth.

Virus

extraction

and

Mycelial mats were

purification.

harvested by vacuum filtration on Whatman No. 1 filter paper
and lyophilized.
virus

particles

Two different methods were used to extract
from

mycelia.

The

first

method

was

described in Chapter 1.

The second method was described by

Ghabrial and Haven (13).

Mycelium was homogenized in 0.1 M

sodium phosphate buffer, pH 7.0, containing 0.2 M KC1 and
0.5% 2-mercaptoethanol.

The homogenate was centrifuged at

8.000 g for 30 min at 4 C and the aqueous phase was given two
or three cycles of differential centrifugation (100,000 g for
150 min and 8,000 g for 30 min).

High-speed pellets were

resuspended in 0.01 M phosphate buffer (pH 7.0) and applied
to sucrose density gradients

(10-40% in 0.01 M phosphate

buffer, pH 7.0) and centrifuged in a Beckman SW 41 rotor at
40.000 rpm for 4 hr.

Gradients were fractionated using an

ISCO density gradient fraction collector and UV analyzer at
254 nm.
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Electron microscopy.

Viral preparations were dropped on

Collodion/carbon-coated grids and negatively stained with 2%
(w/v)

phosphotungstic acid,

pH 7.0.

The specimens were

viewed with a JEOL transmission electron microscope.

Nucleic acid analysis.

Purified virus preparation (0.8 ml)

was mixed with 0.2 ml of 25% (w/v) SDS and heated at 60 C for
3 min.

Three ml of 100% NaC104 was added, mixed, and then

centrifuged at 8,000 g for 5 min.

The aqueous phase was

collected with a hypodermic needle, and ethanol precipitated
at -20 C.

The precipitate was collected by centrifugation

(10,000

g,

10 min)

Nucleic

acids were electrophoresed

and washed twice with

75%

ethanol.

in 1% agarose

or

6%

polyacrylamide gels in tris-acetate-EDTA buffer, stained with
ethidium bromide

(20 ng/ml), and visualized with an UV

transilluminator.

Double-stranded RNAs from Ustilago maydis,

Penicillium stoloniferum, and Penicillium chrysogenum and 1
Kb dsDNA ladder (BRL) were used as molecular size markers.
The dsRNA nature of the nucleic acid was confirmed by DNase
and RNase treatments.

Polypeptide analysis.

Purified viral preparation was mixed

with half volume of a boiling mixture (77 mM Tris-Hcl, pH
8.0, 1.8% SDS, 4.4% mercaptoethanol, 3% glycerol) and placed
in a boiling water bath for 4 min.

After boiling, the

sample was placed on ice immediately and loading buffer (10%
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glycerol and 0.01% bromophenol blue) was added.

The protein

sample was electrophoresed on discontinuous polyacrylamide
gel

(14%

and

4%

for

separation

and

stacking

gels,

respectively) at 100 V for 3 hr as described by Laemmli (20) .
The protein bands were visualized by silver staining.
molecular weight protein standards

High-

(Sigma Chemicals,

Louis, MO) were used for molecular weight markers.
protein

standards

galactosidase
daltons),

included myosin

(116,000 daltons),

bovine

albumin

(205,000

daltons),

These

daltons), B-

phosphorylase b

(66,000

St.

egg

(97,000
albumin

(45,000 daltons), and carbonic anhydrase (29,000 daltons).

Antibody production.

Polyclonal

antiserum

against

purified virus particles was obtained in a New Zealand White
rabbit following four intramuscular injections with one week
intervals.

Five hundred /Ltl of virus suspension (0.1 mg

virus/ml) was emulsified with an equal volume of Freund's
incomplete adjuvant for each injection.

Blood was taken one

week after the last injection.

Western blot analysis.

Viral polypeptides fractionated on

polyacrylamide gel were electrophoretically transferred onto
a

nitrocellulose

membrane

(pore

size

0.22

overnight, as described by Towbin et al. (28).

/xm)

at

4

C

The membrane

was blocked with 5% non-fat milk followed by washing with PBS
(17 mM NaCl, 1.4 mM KH2P04, 8.0 mM Na2HP04, 2.6 mM KC1, and 3
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mM NaN3, pH 7.4).
antiserum

The membrane was probed with polyclonal

(1:250 dilution)

to DpcV,

and visualized with

horse-radish peroxidase-conjugated goat antirabbit antibody
(1 :1000 ).

Extraction of T-globulin

(IgG) and enzyme conjugation.

Antiserum (1 ml) was mixed with two volumes of 36% sodium
sulfate and 1 ml of PBS-azide (0.02%) and centrifuged at
5,000 g for 10 min.

The pellet was resuspended in 18%

sodium sulfate and recentrifuged at 5,000 g for 10 min.
This

step was

repeated

twice.

The

final

pellet was

resuspended in PBS-azide and dialyzed in PBS-azide overnight
with 3 changes at 4 C.

Protein concentration was measured

with a spectrophotometer at 280 nm

(0.D.15 = 1 mg/ml) .

Alkaline phosphatase (AP) was added at a ratio of 3.5 mg AP
: 1 mg IgG.

The mixture was dialyzed in PBS-azide overnight

with 6 changes at 4 C.

In the fume hood, 70% glutaraldehyde

was added to 0.2% (final conc.) and dialyzed in PBS-azide
overnight with 3 changes after one and half hr.

ELISA.

ELISA plates were coated with IgG to purified virus

(DpcV) (conc. 1:250) in coating buffer (15 mM Na2C03, 35 mM
NaHC03, and 3 mM NaN3, pH 9.6) at 37 C for 2 hr and washed
with PBS-Tween 20 (PBST).

The samples were loaded with

sample buffer containing 0.01 M Na-DIECA and 2% PVP, and then
incubated at 4 C overnight.

The plates were washed with

PBST.

Alkaline phosphatase-conjugated IgG was added (1:200

dilution) in PBST-PVP and incubated at 37 C for 3 hr.

After

three

sigma

hr,

substrate

(P-nitrophenyl

phosphate,

Chemicals, St. Louis, MO) (1 mg/ml) was added, and read with
an ELISA reader (Model 2650, Bio-Rad, Richmond, CA.) with a
405 nm filter.

Total proteins from eight isolates of Dpc,

P. stoloniferum, P. chrysogenum, and H. maydis were extracted
for ELISA.

Mycelium was ground in PBS, and the supernatant

was collected by centrifugation at 10,000 g for 10 min.

The

extract was mixed with a half volume of chloroform and
clarified by centrifuging at 10,000 g for 2 min.

Gradient

fractions

gradient

collected

from

sucrose

density

centrifugation were used directly for ELISA.
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RESULTS
Spherical virus particles about 30-40 nm in diameter
were observed in isolate MS82-5, but no virus particles were
detected in other isolates tested.

UV absorbance profile of

viral preparation from the isolate MS82-5 in sucrose density
gradients is shown in Fig. 2.1.

A single absorbance peak

was observed.

The 260/280 nm ratio of this virus was 1.1-

1.2.

virus

This

was

designated

as

DpcV

(Diaporthe

phaseolorum var. caulivora virus).
DpcV contained a single dsRNA with molecular size of 4.5
Kb (equivalent to a molecular weight of 3.0 x 106 daltons).
The dsRNA nature was confirmed by retention on CF-11, DNase,
RNase treatments.

The molecular size of dsRNA associated

with purified viruses was the same as that extracted from
mycelium.

When dsRNA of DpcV was fractionated on agarose and

polyacrylamide gel with dsRNAs of U. maydis and 1 Kb DNA
ladder, a difference was observed in migration rate between
dsRNA and dsDNA.

Molecular size of dsRNA of DpcV was

estimated by comparison to dsRNAs of U. maydis.
Three

polypeptides

preparation

were

identified with molecular weights of 93, 90, and 88 Kd.

The

polypeptides
respectively.

were

in

the

designated

The p93

virus

as

p93,

and p88

were

p90,

and

p88,

approximately

in

equimolar proportion, but p90 was in lower proportion when
compared to the other polypeptides.

In the western blot

analysis, all three polypeptides reacted with antiserum to
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DpcV,

whereas molecular marker proteins did not.

intensity

of

proportional

the
to

reaction

of

concentrations

three
in

The

polypeptides

polyacrylamide

was

gel.

However, p88 showed the strongest intensity in western blot
analysis.

Antiserum to DpcV did not react to dsRNA of DpcV,

indicating that antiserum to DpcV was generated only against
viral capsid proteins and not dsRNA.
Indirect ELISA was conducted initially, but a high level
of

cross-absorbance

was

observed.

The

rest

of

the

experiments were conducted by direct ELISA with purified IgG
conjugated with alkaline phosphatase.

In ELISA assays using

antiserum to DpcV and total protein extracts from eight Dpc
isolates, P. chrysogenum, P. stoloniferum, and H . maydis,
protein extracts from MS82-5,

0PE3,

MS83-216,

and GA369

showed higher O.D. values than those extracted from isolates
FL40, MS84-1, FL96, FL101, P. stoloniferum, P. chrysogenum,
and H. maydis.
extraction

procedure

centrifugation,
isolates.

When protein samples were prepared by virus
by

two

cycles

of

differential

a clearer distinction was observed among

Protein samples from isolates MS82-5 and 0PE3

gave high values, isolate GA369 gave intermediate, and those
from isolates FL40, FL101 gave lower values (data not shown).
In the sucrose density gradient fractionations obtained
with an ISCO fractionator, optical density (O.D.) value of
each fraction at 405 nm in ELISA was proportional to the O.D.
value of each fraction at 254 nm.

The O.D. in ELISA reached
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the maximum in fraction No. 2 and decreased after that (Fig.
2 .1 ).
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Table 2.1. Isolates of Diaporthe phaseolorum var. caulivora
used for virus particle detection

Isolate

dsRNA molecules*

Virus particles

MS82-5

LI

+b

0PE3

LI

-

FL40

Ml, M3

-

MS84-1

M2, M3

-

MS83-216

LI, M2, M3

-

GA369

LI, L2, S2

-

FL96

-

-

FL101

-

-

*: The sizes of dsRNA molecules are follows; LI, 4.5 Kb; L2,
3.2 Kb; Ml, 2.1 Kb; M2, 1.8 Kb; M3, 1.4 Kb; S2, 0.4Kb; ,dsRNA-free.
b: + indicates the presence of virus particles, - indicates
absence of virus particles.

Table 2.2. Optical density (O.D.) values of total protein
samples

from

eight

Dpc

isolates,

P.

chrysogenum.,

P.

stoloniferum., and H. maydis in direct ELISA using antiserum
to DpcV

Source*

Optical density at 405 nm

Virus preparation

1.09

MS82-5

0.40

0PE3

0.49

FL40

0.33

MS84-1

0.31

MS83-216

0.72

GA369

0.45

FL96

0.21

FL101

0.20

P. stoloniferum

0.25

P. chrysogenum

0.20

H. maydis

0.17

PBST

0.20

i'SDo.os

0.24

*:

Virus

was

prepared

by

two

cycles

centrifugations from the isolate MS82-5.

of

differential

The protein samples

were prepared by homogenation in PBS and clarified with
chloroform.
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2.1.

UV

absorbance

profile

following

sucrose density gradient centrifugation of virus preparation
from the isolate MS82-5 and ELISA with antiserum to DpcV from
each fraction.

Sedimentation is from left to right.
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1 0 0 nm

Fig. 2.2. Electron micrograph of negatively stained Diaporthe
phaseolorum var. caulivora virus particles.

The preparation

was stained with 2% (w/v) phosphotungstic acid.

Fig.

2.3.

Double-stranded RNAs

of

DpcV,

U.

maydis,

stoloniferum, P. chrysogenum, and 1 Kb DNA ladder.
and DpcV

dsRNA were analyzed

Markers

in 1% agarose (A) and 6%

polyacrylamide gel (B) under non-denaturing condition.
Lane 1, 1 Kb DNA ladder; lane 2, DpcV; lane 3, 17.
lane 4, P. chrysogenum; lane 5, P. stoloniferum.
DpcV; Lane 2, U. maydis.

P.

(A)

maydis;

(B) Lane 1,
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(A)

1

KDa
97-

66

-

45-

Fig. 2.4. Polypeptides and western blot analyses of DpcV
particles.

(A)

DpcV

polypeptide

pattern

after

electrophoresis on 4%/14% polyacrylamide gel and visualized
with silver staining.

Protein standards (lane 1) included

myosin (205 Kd) , fi-galactosidase (116 Kd) , phosphorylase B
(97 Kd) , bovine albumin (66 Kd) , egg albumin (45 Kd) , and
carbonic anhydrase (29 Kd).
(B) Western blot analysis of DpcV polypeptides.

DpcV

polypeptides were electrophoretically transferred onto a
nitrocellulose membrane and treated with antiserum (1:250)
generated from purified DpcV and visualized with horseradish
peroxidase-conjugated goat antirabbit antibody (1:1,000).
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DISCUSSION
Isometric virus particles about 30-40 nm in diameter
were observed from Dpc isolate MS82-5.

This virus contained

one molecule of dsRNA as the genome with molecular size of
4.5 Kb.

Most fungal viruses are isometric, about 20 - 50 nm

in diameter, and the majority contain segmented dsRNAs as
their

genomes

which

are

encapsidated

separately

(4).

However, fungal viruses which have a nonsegmented dsRNA
genome have been reported

in several

fungi

(6,27),

tentatively classified in the Totoviridae (3,5).

and

The dsRNA

of the virus in isolate MS82-5 had the same molecular size as
that of dsRNA extracted directly from total mycelium.

This

indicates that the dsRNA in isolate MS82-5 is likely to be of
viral origin.

However, no virus particles were observed

from other isolates (OPE3, GA369, and MS83-216) which contain
the same size dsRNA.
Members of the Totoviridae contain one polypeptide as
their capsid protein.

However,

three polypeptides were

associated with DpcV with molecular weight of 93, 90, and 88
Kd.

The molecular weights of capsid proteins of DpcV are

similar in size to the major structural protein from other
fungal viruses.

The presence of more than one structural

protein in fungal viruses is not common.

However, the

occurrence of two or more closely related capsid polypeptides
has been reported in several fungal viruses (13,17,26).

The

190S virus in Helminthosporium victoriae has only one dsRNA
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genome, which is similar to DpcV in size (4.5 Kb), and has
three polypeptides as capsid proteins.

However, only one

polypeptide was produced in in vitro translation of the 190S
viral genome.

Ghabrial et al. (12) speculated that these

three polypeptides were produced by the same gene but posttranslationally modified.

However, the larger two capsid

polypeptides of group III viruses in Gaeumannomyces graminis
appear to convert to the smaller polypeptides when virus
preparations are stored at 4 C for a month or longer (17) .
The relationship among three polypeptides in DpcV is unknown
at present.
All three polypeptides reacted with antiserum to DpcV in
western

blot

analysis.

Although

p93

and

p88

were

approximately equimolar on polyacrylamide gel, the intensity
of p88 appeared to be stronger than p93 in the western blot.
In the 19OS virus of H. victoriae, all three polypeptides
also reacted to antiserum to 190S virus, and the intensity of
each polypeptide was the same as on the polyacrylamide gel
(12 ) .
Total protein extracts from isolates MS82-5, 0PE3, MS83216, and GA369 gave greater reactions in ELISA with antiserum
to DpcV than those from Dpc isolates FL96, and FL101, P.
chrysogenum, P. stoloniferum, and H. maydis.

The isolates

MS82-5, 0PE3, MS83-216, and GA369 have the same size dsRNA
(4.5 Kb) as that of virus genome observed in isolate MS82-5.
However, isolates FL96 and FL101 did not have any dsRNA in
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total cell extracts.

These results Indicate that Dpc

isolates which contain the 4.5 Kb dsRNA may have proteins
that

are

closely

related

or

the

same

as

viral

capsid

proteins.
The occurrence of plasmid-like dsRNA (unencapsidated)
has been reported in most classes of fungi (25), and some are
associated with virus-like particles (2,23,24) .

However,

the relationship between naked dsRNA and the genome of fungal
viruses is not clear.

The data presented here suggests that

the 4.5 Kb dsRNA in Dpc may be of viral origin, although
virus particles were not detected in other isolates which
contain 4.5 Kb dsRNA.

Possible explanations may be low

virus concentration in Dpc and/or the procedure used to
extract virus particles may be inefficient.

It may also be

that polypeptides similar to virus capsid proteins have been
produced by the 4.5 Kb dsRNA, but they could not assemble
properly as capsid.

Another possible explanation is that

the gene(s) for replication of dsRNA in the fungal host is
present and normal, but that the gene(s) for viral capsid is
mutated at least at some points.

This speculation is also

supported by the fact that RNA-dependent-RNA-polymerase does
not have proofreading capacity during replication.

As a

result, rapid evolution takes place in RNA genomes (15) .
Tartaglia et al.
terminal

(29)

3'-poly A

speculated that the presence of a

: 5'-poly U

structure

distinguishes

hypovirulence-associated dsRNAs in Cryphonectria parasitica
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from genomic IWAs of most fungal viruses and other dsRNA
viruses.
LI dsRNA was associated with purified virus particles,
and did not have sequence homology to H dsRNAs (Chapter 1).
However, a high frequency of the occurrence of M sizes of
dsRNA in Dpc also was observed.
may

consist

of

different

These suggest that M dsRNAs

virus

particles,

which

are

serologically distinct from DpcV.
Observations
suggest

that

Totoviridae.

DpcV

and
is

experimental

data

a possible

member

presented
of

the

here
family

However, it differs from other members in that

three polypeptides were associated with virus preparation.
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CHAPTER 3

PHENOTYPIC AND GENETIC VARIATION
IN DIAPORTHE PHASEOLORUM VAR. CAULIVORA
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ABSTRACT
Fourteen

isolates

of

Diaporthe

phaseolorum

var.

caulivora representing six southern states (AR, FL, GA, LA,
MS, and TN) and two northern states (10 and OH) were compared
for colony morphology, mycelial growth at 22 and 30 C, type
of

perithecia

pathogenicity

formation,
to

soybean

phenol

oxidase

cultivar

activity,

Bedford.

and

Northern

isolates produced white colonies with dense tufts of hyphae,
whereas
brown,

southern

isolates

exhibited uniform white,

or light brown mycelia.

isolates

tested

was

dark

Mycelial growth of all

significantly

inhibited

at

30

C.

Observation of perithecia with light and scanning electron
microscopes showed singly-borne and caespitose perithecia
formed by southern
respectively.

(except FL40)

Northern

and northern

isolates

showed

isolates,

strong

oxidase activity compared to southern isolates.

phenol

Northern

isolates were highly pathogenic to 'Bedford' plants,

but

southern isolates exhibited variation in pathogenicity.

To

compare genetic relationships between the two populations,
phenol-soluble

polypeptides

from

selected

compared by two-dimensional electrophoresis.

isolates

were

Greater genetic

diversity was observed among southern isolates than among
northern isolates in polypeptide analysis.

Polypeptide

analysis of the two populations also indicated a strong
genetic

relationship,

suggesting that

the

fungi

causing

northern and southern stem canker are the same

fungus.
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INTRODUCTION

Stem canker of soybean (Glycine max (L.) Merr.) caused
by Diaporthe phaseolorum (Cke. & Ell) Sacc. var. caulivora
(Athow

& Caldwell)

(Dpc)

was

widespread

throughout

the

midwest United States and Canada in the early 1940's, but by
1956 the disease disappeared due to the reduced planting of
susceptible cultivars (1,6,20).

However, stem canker has

become a major problem in the southeastern United States in
recent years

(2,11).

Estimated losses of $37 million

resulted from the 1983 epidemic in the southeast United
States (2).
In

general,

the

morphology

of

the

pathogen

and

symptomatology of the disease in the northern and southern
United States were believed to be similar.

However, there

is increasing evidence (7,12,13,20,21,22) that the fungi and
diseases

in

Differences

the
in

different

regions

morphological

may

characters,

be

distinct.

pathogenicity,

response to high temperature, and symptom development have
been observed between northern and southern isolates of Dpc
(7,12,13,20).

Differences

in

cultural

characters

and

symptom development were suggested to be enough to warrant
designation of the disease as "southern stem canker" and the
isolates

as

"southern Dpc"

(7) .

Furthermore,

it was

proposed that southern isolates of Dpc should be separated
from northern isolates and named Diaporthe phaseolorum f.sp.
meridionalis (21).

In spite of the economic importance of
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this disease, little is known about the genetic nature of
this pathogen.
that

a

study

Therefore, most previous studies suggested
of

the

genetic

backgrounds

of

these

two

populations is needed to confirm that the observed phenotypic
differences indicate a true lack of relationship between the
two fungal populations.
In recent years, electrophoretic patterns of soluble
proteins and specific enzymes have been used as additional
criteria in the classification of fungi

(9,17).

resolution

focusing

two-dimensional

isoelectric

High(IEF)-

polyacrylamide gel electrophoresis (PAGE) has been applied to
evaluate the products of numerous genes in fungi, animals,
and higher plants (3,4,19,26).

This technique has also been

used successfully to differentiate fungal plant pathogens,
such as the forma speciales of Puccinia graminis (15), two
species

of

(8,16,18).

Ustilago

(17),

and

several

other

organisms

Because the resolution is accomplished under

highly denaturing conditions, each protein is characterized
at the single polypeptide level.
The purposes

of this

study were to reexamine

some

morphological and physiological characteristics of isolates
from southern and northern geographic areas and to compare
phenol-soluble polypeptides among the two fungal populations
by two-dimensional PAGE.
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MATERIALS AND METHODS

Fungal isolates.

Fourteen isolates, nine from southern

states and five from northern states, were used to reexamine
morphological and physiological characteristics.

Eight

isolates, four from northern and four from southern states,
were

compared

for

phenol-soluble

dimensional PAGE (Table 3.1).

polypeptides

by

Southern isolates were from

Louisiana,

Mississippi,

Arkansas.

Northern isolates came from Iowa and Ohio.

Georgia,

Florida,

Tennessee,

Mycelial growth at two different temperatures.
was

grown

on potato

dextrose

two-

agar

(PDA)

and

Each isolate
for

3 days.

Mycelial plugs (7 mm in diameter) were cut from the colony
margin,

placed

on PDA plates

incubated at 22 C or 30 C.

(90 mm

in diameter) , and

Colony diameter was measured 48

and 60 hr after incubation at each temperature.

This

experiment was repeated three times.

Pathogenicity test.
was used (11).

A modified toothpick inoculation method
Fifty-day-old soybean plants of cultivar

Bedford were inoculated by inserting Dpc-colonized toothpicks
into the stems.

Four wk after inoculation, lesion length on

the stem of each plant was measured.
per isolate.

Four plants were used

This experiment was repeated two times.

76
Phenol oxidase test (Bavendamm's test) .

Mycelial plugs (7

non in diameter) cut from the margin of a 3-day-old culture on
a PDA plate were placed on Bavendamm's medium (0.5% tannic
acid, 1.5% Difco malt extract, 2% Difco bacto agar, pH 4.5).
Plates were incubated at ambient temperature in the dark for
5 days.

Enzyme activity was scored based on color reaction

as follows; 0 = no color reaction, 1 = weak color reaction,
2 = intermediate, 3 = strong color reaction.

This experiment

was repeated two times.

Perithecia formation.

Two sterilized pieces of soybean stem

(5 cm in length) were placed on the surface of PDA plate and
the plates were inoculated with each isolate.
soybean stem were used per isolate.

Six pieces of

The development of

perithecia was monitored with a dissecting microscope.

The

type of perithecia formation was observed on the soybean stem
with

a

scanning

electron

microscope

(SEM).

For

SEM

observation, samples were fixed in 2.5% glutaraldehyde in 0.2
M sodium cacodylate buffer (pH 7.2) for 1 h and washed with
distilled water.

Fixed samples were dehydrated through a

graded ethanol series (50 - 100%), critical-point dried for
10 min, mounted on aluminum stubs and coated with 200 A gold
palladium.

The specimens were observed at 25 KV with a

Hitachi S-500 SEM.

Extraction of phenol-soluble polypeptides.

Four,

5-mm-

diameter,

mycelial

plugs

from a

3-day-old

culture

were

transferred to a 125 ml Erlenmeyer flask containing 50 ml of
potato dextrose broth (PDB) and incubated at room temperature
for 2 wk.

Harvested mycelium was washed with distilled

water and lyophilized.

Phenol-soluble polypeptides were

extracted using the method of Van Etten et al.
Kawchuk et al.

(10) .

(28) and

Lyophilized mycelium (300 mg) was

homogenized in extraction buffer in a C02cooled Braun MSK cell
homogenizer.
gas

and

Acetone precipitates were dried with nitrogen

solubilized

in

300

/il of

sonication

solution

consisting of 2.6% NP-40, 2.1% LKB ampholyte (pH 3.5 - 10),
2.6% 2-mercaptoethanol, and 8.7 M urea.

The solution was

sonicated for 5 sec and immersed in boiling water for 1 min.
The supernatant was applied to the isoelectric focusing (IEF)
gel after removing the precipitate by centrifugation at
12,000 g for 10 min.

Isoelectric focusing (IEF) and gradient polyacrylamide gel
electrophoresis

(PAGE).

The

IEF

and

two-dimensional

gradient polyacrylamide gels were prepared using the method
of Howes et al. (8).

The IEF gel mixture consisted of 7.7

M urea, 3.4% glycerine, 1.7% NP-40, 5.1% acrylamide, 0.1%
bisacrylamide, and 0.9% LKB ampholyte (pH 3.5-10.0).

Gels

used for pH gradient determination were sliced into 5-mmsegments, and incubated overnight in 500 /ul boiled, double
distilled

water

at

room

temperature

before

the

pH

was

measured.
was

For molecular weight determination, a 1-cm well

made

at

the

polymerization.
after

placing

edge

in

the

embedding

before

Gradient PAGE (8 - 20%) was then performed
molecular

weight

markers

(Pharmacia

Chemicals, Uppsala, Sweden) in the well.
weight

gel

standards

consisted

of

Fine

These molecular

phosphorylase

b

(94,000

daltons), bovine serum albumin (67,000 daltons), ovalbumin
(43,000

daltons),

carbonic

anhydrase

(30,000

daltons),

soybean trypsin inhibitor (20,100 daltons), and a-lactalbumin
(14,400 daltons).

Staining and analysis.

Gradient gels were stained with

Coomassie brilliant blue G-250.

Photographs of gels were

traced onto paper, and the tracings were superimposed to make
comparisons
variations.

of

both

intrageographic

and

intergeographic

Differences in concentration of individual

polypeptides were ignored and only qualitative differences
were noted.

Common polypeptides in southern or northern

isolates were defined as polypeptides which were present in
all isolates tested in each group, respectively.

However,

common polypeptides between southern and northern isolates
were defined as polypeptides which were present in at least
one isolate each in both southern and northern isolates.
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RESULTS
Northern isolates produced white colonies with dense
tufts of mycelium, whereas southern isolates exhibited white
or light to dark brown color with even mycelium.

Most

southern isolates were white initially but became light to
dark

brown

after about

1 wk.

maintained their white color.

All

northern

Extensive differences were

observed in growth habit in PDB culture.
produced

only

a

fine

produced

jelly-like

isolates

mycelium

mycelium.

while

Southern isolates
northern

Harvesting

isolates

jelly-like

mycelium using Whatmann No. l filter paper was difficult
because the jelly-like mycelia stuck to the filter paper.
In general, southern isolates grew more rapidly than
northern isolates at 22 C and 30 C (Tables 3.2 and 3.3).
However, southern isolates exhibited variable mycelial growth
at both temperatures, whereas mycelial growth of northern
isolates was consistent at both temperatures.

Mycelial

growth of northern and southern isolates was inhibited at 30
C (Table 3.4).
days,

whereas

Southern isolates continued to grow up to 7
growth

of

northern

isolates

decreased

dramatically after 60 hr at 30 C.
Northern isolates showed strong phenol oxidase activity
on Bavendamm's medium, whereas southern isolates exhibited
weak or no activity (Table 3.2).
All Dpc isolates used in this study produced cankers on
stems of soybean cultivar Bedford.

Northern isolates were
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highly pathogenic.

In contrast, most southern isolates

showed low or moderate pathogenicity.

'Braxton'

was

intermediate and 'Wilstar 550' was resistant to selected
isolates (OH1483, OPE3, MS82-5, FL40) (data not shown).
Isolates of Dpc produced abundant perithecia on soybean
stem pieces.

Perithecial development was initiated on

soybean stem pieces on PDA 2 wk after inoculation.

The

formation of perithecia was preceded by abundant growth of
mycelium on the surface of soybean stem pieces.

Differences

in the type of perithecia formation between southern and
northern

isolates were observed

(Table

3.1).

Northern

isolates produced the caespitose form (Fig. 3.1 A and C)
whereas southern isolates, except FL40, produced singly-borne
perithecia (Fig. 3.1 B and D).
types of perithecia.
southern

Observation of perithecia formed by

isolates with a

revealed

Isolate FL4 0 produced both

scanning

electron

that two to three perithecial

microscope

beaks were often

formed together in some isolates (Fig. 3.1 D).
The

two-dimensional

polypeptide

patterns

from

four

isolates, two southern isolates (OPE3 and MS82-5) and two
northern isolates (10215 and OH1483), are shown in Fig. 3.2.
More than 120 polypeptides were detected for each isolate.
To compare isolates within southern and northern populations,
composite diagrams were constructed.In the composite
diagram of four southern isolates,
identified.

207 polypeptides were

Fifty-eight polypeptides (28 %) were common in

all isolates while 149 polypeptides were variable (Fig. 3.3).
In the composite diagram of four northern isolates,

254

polypeptides were present, and 132 polypeptides (52 %) were
identified as common in northern isolates (Fig 3.4).
comparing

southern

and northern

polypeptides were identified

composite

(Fig.

3.5).

diagrams,

By
319

One hundred

sixty-one polypeptides (50 %) were common between southern
and northern isolates, while 158 polypeptides were present
only in either northern or southern isolates.

82

Table 3.1. Sources of isolates of Diaporthe phaseolorum var.
caulivora and type of perithecia formation

Isolate*

State

AR666

Arkansas

s

FL40*

Florida

s, c

GA369*

Georgia

s

GA396

Georgia

s

GA563

Georgia

s

MS82-5*

Mississippi

s

MS83-216

Mississippi

s

0PE3*

Louisiana

s

TN238

Tennessee

s

10215*

Iowa

c

10216*

Iowa

c

OH1472

Ohio

c

OH1483*

Ohio

c

OH1484*

Ohio

c

*:

*

isolates

were

used

Type of peritheciab

for

phenol-soluble

polypeptide

analysis by 2-dimensional electrophoresis
b: s and c indicate singly-borne or caespitose perithecia,
respectively.
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Table 3.2. Mycelial growth, phenol oxidase activity,
pathogenicity

of

isolates

of Diaporthe phaseolorum

and
var.

caulivora

Mycelial growth*
Isolate

48 hr

60 hr

P0Xb

Lesion
length0

22 C

30 C

22 C

30 C

AK666

72.0

31.5

90. 0d

35.8

2.0

12.0

FL40

75.8

32.5

90.0

37.8

0.0

8.8

GA369

67.3

30.0

90.0

34.5

2.0

10.0

GA396

66.5

28.3

90.0

34.3

0.0

3.6

GA563

39.0

22.5

50.8

24.3

1.0

11.9

MS82-5

57.5

25.5

73.8

29.3

0.0

14.0

MS83-216

69.8

27.0

90.0

31.0

2.0

10.0

0PE3

65.3

20.5

84.3

26.3

1.5

11.1

TN238

53.0

25.5

60.5

28.3

1.0

2.5

10215

55.5

18.5

70.8

21.0

3.0

14.3

10216

52.3

17.3

67.0

18.8

3 .0

19.5

OH1472

53.8

17.5

70.5

19.3

3.0

16.1

OH1483

59.3

19.0

76.3

22.3

3.0

17.5

0H1484

55.3

18.3

73.0

21.8

3.0

18.0

i*SD005

3.60

2. 18

3.32

2.48

0.38

3.23
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*: Colony diameter (mm) on potato dextrose agar was measured
after 48 and 60 hr at 22 and 30 C.
b: Phenol oxidase activity (POX) was measured in Bavendamm's
medium based on color reaction as follows; 0 = no reaction,
1 = weak reaction,

2 = intermediate,

3 = strong color

reaction.
c: Lesion length

(cm) was measured 4 wk after toothpick

inoculation.
d: Complete coverage of PDA plate
mycelium was recorded as 90.0.

(90 mm in diameter) by
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Table 3.3. Estimates of mean differences in mycelial growth
between

southern

and

northern

isolates

of

Diaporthe

phaseolorum var. caulivora

Southern vs. northern
Mycelial
growth*

Estimateb

tc

P>td

Growth at 22 C
48 hr

7.7

4.01

0.0001

60 hr

9.1

3.88

0.0002

48 hr

8.9

4.65

0.0001

60 hr

10.7

4.55

0.0001

Growth at 30 C

*: Colony diameters (mm) were measured after 48 and 60 hr on
potato dextrose agar plates.
b: The estimate represents the difference between the means of
groups of southern and northern isolates.
c: The t value was calculated by dividing the contrast
estimate by the standard error.
d: Probability of obtaining a larger absolute value of the t
value.
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Table 3.4. Estimates of mean differences in mycelial growth
of Diaporthe phaseolorum var. caulivora at 22 C and 30 C

22 C

vs.

30 C

Mycelial
growth*

Contrast estimateb

tc

P>td

Southern isolates
48 hr

35.9

22.10

0.0001

60 hr

49.3

24.91

0.0001

48 hr

37.1

17.04

0.0001

60 hr

50.9

19.16

0.0001

Northern isolates

*: Colony diameters (mm) were measured after 48 and 60 hr on
potato dextrose agar plates.
b: The contrast estimate represents the difference between the
means of mycelial growth at 22 C and 30 C.
c: The t value was calculated by dividing the contrast
estimate by its standard error.
d: Probability of obtaining a larger absolute value of the t
value.
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Fig. 3.1. Perithecia formed on soybean stems by southern and
northern isolates of Diaporthe phaseolorum var. caulivora. A
and C,

caespitose perithecia

formed by northern

isolate

(OH1483) viewed with light and scanning electron microscopes,
respectively; B and D, singly-borne perithecia formed by
southern

isolate

(0PE3)

microscopes, respectively.

viewed with

light

and

Bars indicate 500 pm.

electron
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Two-dimensional
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DISCUSSION
Southern isolates of Dpc showed more variable mycelial
growth at both temperatures (22 and 30 C) , phenol oxidase
activity,

type

of

pathogenicity to
isolates.

perithecia

soybean

formation,

and

cultivar Bedford

Phenol-soluble

polypeptide

level

than

of

northern

analysis

also

indicated greater diversity among southern isolates than
among northern

isolates.

McGee

and Biddle

(20)

also

reported that southern isolates were more variable both in
pathogenicity and cultural traits than northern isolates.
Southern isolates generally grew faster than northern
isolates at both temperatures.

However, growth of both

southern and northern isolates was inhibited at 30 C in this
study in contrast to previous reports (13,22).

Keeling (13)

suggested that northern isolates were not adapted for growth
at

high

temperature,

and

that

this

high

temperature

sensitivity could be the reason that stem canker was not
evident on soybeans in the South when the disease became
prevalent throughout the midwestern corn belt during the
1950's.

However, Ivancovich reported (9) that many of the

northern isolates grew well at 30 C.

He suggested that some

biotypes from Indiana and Ohio are similar to the southern
biotypes

in

growth.
populations

their
These
cannot

temperature
results
be

mycelial growth at 30 C.

relationship

indicate

that

distinguished

by

the

to

mycelial

two

fungal

differences

in
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The fact that southern isolates occasionally produced
clustered perithecia similar to those produced by northern
isolates also suggests these two populations may be related.
Vegetative compatibi1ity group (VCG) analysis has been
used as an additional means to characterize fungal species
(25) .

The occurrence of different forma speciales in the

same VCG has not been reported for fungal plant pathogens to
our knowledge.

However, Ivancovich (9) reported that the

same VCG in Dpc included in isolates from northern and
southern geographic sources.
northern

and

southern

isolates

This also indicates that
of

Dpc

are

genetically

related.
The absence of 6 conidia in southern isolates was one of
the criteria used to distinguish southern Dpc isolates from
northern isolates (21).

However, both a and & conidia were

observed in infected soybean stems during 1989 and 1990 in
Louisiana (K.V. Subba Rao; personal communication).

The

presence of chlamydospores in southern isolates also has been
used to separate these two populations (20).

Recently,

however, chlamydospores were observed in both southern and
northern Dpc isolates (9).
Northern Dpc isolates were all highly pathogenic to the
southern soybean cultivar Bedford, whereas southern isolates
were moderately or weakly pathogenic. Southern and northern
isolates

were

reported

to

differ

different soybean cultivars (5).

in

ability

to

infect

However, variability was
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evident among the southern isolates in this trait also.
Strong correlation was observed between phenol oxidase
activity and virulence in Cryphonectria parasitica (27).

A

similar relationship between phenol oxidase activity and
pathogenicity is not clear in Dpc; however differences were
detected between southern and northern Dpc isolates in the
level of enzyme activity.
Southern and northern isolates exhibited only 28% and
50%

of

polypeptides

respectively.

in

common

in

each

population,

This is extremely variable compared to the

results of other studies (10,14,15,16,17,18) in fungal plant
pathogens.

When the polypeptides of Uromyces phaseoli var.

typica and U. p. var. vignae were analyzed by two-dimensional
electrophoresis, 92 and 100 % of polypeptides were common in
each variety.

However, when the polypeptides

of two

varieties were compared, 183 polypeptides were common to both
while 319 polypeptides were variable (14).

Kim et al. (18)

compared polypeptides between two different forma speciales
of Puccinia recondita and other species of leaf rusts.

Any

combination of species and forma specialis showed twice as
many
in

variable polypeptides as common.

interspecific

comparisons

had

to

Common polypeptides
be

present

in

all

isolates of one species, but absent in all isolates of the
other in both studies (14,18).

However, it is impractical

to

present

compare

only

polypeptides

in

all

southern

isolates, but absent in all northern isolates in Dpc, because
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the two populations showed extremely variable polypeptide
patterns

in

each population.

Therefore,

polypeptides

present in at least one isolate from each population were
considered as common polypeptides in the two populations.
Northern

and

southern

polypeptides.

Dpc

isolates

shared

50%

of

the

This indicates that these two populations are

closely related genetically.

The unusual genetic diversity

of this pathogen detected with two-dimensional polypeptide
analysis is also evident in the morphological, cultural, and
physiological

differences

among

the

isolates.

Since

variation within each population was as much as variation
between

two

separation

populations,

of

northern

different entities.

the
and

data

do

southern

not

support

isolates

into

the
two

The fact that 13 and 23 vegetative

compatibility groups were identified in local Dpc populations
from Indiana and Florida, respectively, also suggests a high
level of genetic diversity in this fungal pathogen (9,24) .
Plotz and Shokes

(24)

suggested that a 'founder effect'

resulted in diverse clonal populations of this pathogen.
However,

the

origin

of

southern

isolates,

whether

they

originated from northern isolates or they originally existed
in the southern part of the United States, has not been
determined.

The seed-borne nature of northern isolates (20)

and strong genetic relationship between these two populations
suggest that southern isolates might have come from northern
areas

and

subsequently

adapted

to

different

local
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environments in southern areas.
traits

of

these

two

The study of evolutionary

populations

could

be

improved

by

including more isolates from other regions of the United
States and other countries.
Forma

specialis

is

defined

as

a

subspecific

characterized from a physiological standpoint,
host

adaptation,

but

scarcely

morphological standpoint.
specialis,
differences

or

not

at

taxon

especially

all

from

a

Based on the definition of forma

the various reports of the lack of consistent
in

morphological

and

physiological

characteristics, and the results of our genetic analysis,
southern and northern isolates of Diaporthe phaseolorum var.
caulivora apparently are the same fungus.
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